Background Results from epidemiological studies about the association between maternal prepregnancy obesity and the risk of shoulder dystocia are inconsistent.
Introduction
Shoulder dystocia is an obstetric outcome defined as difficulty in delivering an infant's shoulder, requiring additional manoeuvres when gentle downward traction of the fetal head is not enough to deliver the baby. 1 Rates of shoulder dystocia reported in the literature vary widely, with estimates ranging from 0.1 to 2.4% of all births. 2 It can cause serious complications for both mother and infant. [3] [4] [5] Maternal complications include postpartum haemorrhage and third-or fourth-degree perineal trauma, among others. 5, 6 Complications for the infant include brachial plexus injury and fractures, most commonly of the clavicle and humerus. 5 It has been found that maternal factors including diabetes, multiparity, macrosomia and previous shoulder dystocia can increase the risk of shoulder dystocia. 1, [7] [8] [9] [10] [11] Today, obesity is a worldwide public-health issue, with the rate of obesity increasing dramatically in the general population. According to data from the World Health Organization, 12 13% of adults aged 18 years and older (11% of men and 15% of women) are obese. Obesity has been reported to be related to increased mortality. Fontaine et al. 13 revealed that the life expectancy of a young adult with severe obesity was decreased by an average of 22%. In addition, obesity is regarded as a common risk factor for many diseases, e.g. breast cancer, cardiovascular disease, diabetes, thyroid cancer, gallbladder cancer, etc. [14] [15] [16] [17] [18] Maternal prepregnancy obesity is a significant risk factor for adverse pregnancy outcomes, such as gestational diabetes, pre-eclampsia, postpartum haemorrhage, fetal macrosomia and caesarean delivery. [19] [20] [21] However, the conclusions of several epidemiological studies are inconsistent with regard to a link between obesity and shoulder dystocia. Three studies [22] [23] [24] link shoulder dystocia with obesity but another three [25] [26] [27] do not substantiate the link. Thus, we conducted a meta-analysis by combining the results from all available observational studies to: (1) assess the risk of shoulder dystocia for maternal prepregnancy obesity versus nonobesity; (2) 2 ) obesity versus nonobesity; and (3) assess the heterogeneity among studies and the small-study effect.
Methods
We consulted Meta-analysis of Observational Studies in Epidemiology (MOOSE) guidelines for the reporting of meta-analyses in this analysis. 28 
Search strategy
We searched PubMed and Web of Science (Appendix S1 in the Supporting Information) up to 5 August 2016 to identify all relevant available studies. Searches were limited to English-language studies in humans and used the following terms: 'obesity' or 'BMI' or 'body mass index' and 'dystocia' or 'pregnancy outcomes' or 'maternal outcomes' or 'neonatal outcomes'. Additional eligible studies not captured by our databases were sought by reviewing the reference lists of identified articles. The detailed procedure for the literature search is shown in Figure 1 .
Inclusion criteria
The inclusion criteria were: (1) an original case-control or cohort study that investigated the association between prepregnancy obesity and the risk of shoulder dystocia; (2) the exposure was maternal prepregnancy obesity (BMI ≥ 30)-given that there was almost no effect on maternal weight during early pregnancy or the first trimester of pregnancy or the first prenatal visit (usually before 12 weeks' gestation), we regarded obesity during this period as prepregnancy obesity; (3) the outcome was shoulder dystocia; (4) maternal prepregnancy nonobesity (BMI < 30, including normal and/or overweight women) was the reference group; (5) the study population was restricted to singleton pregnancies (if studies contained data for both singleton and multiple pregnancies we only extracted singleton data); and (6) the odds ratios or relative risks (RRs) with corresponding 95% CIs were provided or could be calculated from the data presented in the article. If data from the same population were published repeatedly the most recent studies were included in this meta-analysis. Study quality was assessed using the Newcastle-Ottawa quality assessment scale (www.ohri.ca/programs/clinical_epi demiology/oxford.asp).
All identified studies were independently searched and reviewed by two investigators (CZ and YW). If the two investigators did not agree, consensus was reached by consultation with a third reviewer.
Data abstraction
The following data were extracted from each study by two investigators (CZ and YW): the first author's name, year of publication, country in which the study was conducted, continent, study design, sample size, number in case and control groups, age of cases, BMI of case and control groups, measurement of BMI, RRs (we present all results as RRs for simplicity) with corresponding 95% CIs for obese versus nonobese women, reasons for exclusion and variables adjusted for in the analysis.
Statistical analysis
The study-specific log RRs were weighted by the inverse of their variance to calculate pooled RRs with corresponding 95% CIs of the association between maternal prepregnancy obesity and the risk of shoulder dystocia. We also evaluated the associations separately for classes I, II and III obesity. We adopted I assess heterogeneity between studies. When P heterogeneity is ≤0.05 heterogeneity exists, otherwise there is no heterogeneity. Considering that the DerSimonian and Laird random-effects model (REM) typically produces more conservative estimates of the significance of the treatment effect (i.e. a wider CI) than fixed-effects models, we used a REM as the pooling method. 30 Meta-regression was performed to explore the potential sources of heterogeneity, 31 including the covariates publication year, continent, study design (cohort study or case-control study), sample size, assessment of BMI and adjustment for gestational diabetes. Cumulative meta-analysis was used to summarise the evidence in the assessment publication year of the selected studies, in which the studies were added one at a time in order of year and then the results calculated sequentially. A leave-one-out sensitivity analysis was carried out to evaluate the key studies that exert a major impact on between-study heterogeneity. 32 The small-study effect was assessed by the trim-and-fill method (only in the analysis of class III obesity), funnel plot and Egger's test. 33 We also conducted subgroup analyses by sample size (only in the analysis of class I obesity), study design, continent, age of cases and whether there was adjustment for confounding factors.
All statistical analysis was performed with STATA version 12.0 (Stata Corporation, College Station, TX, USA). All reported probabilities (P-values) were two-sided, with P ≤ 0.05 considered to be statistically significant.
Results

Study characteristics
A total of 20 articles [22] [23] [24] [25] [26] [27] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] (19 cohort studies and 1 case-control studies) involving 2 153 898 participants were included in this meta-analysis. For obesity (including all obesity classes), 16 articles (15 cohort studies and 1 case-control studies) involving 1 308 888 participants met the inclusion criteria. Of these studies, six were from Europe, five from Asia, three from North America and two from Oceania. For class I obesity, seven articles 22, 24, 38, 40, 43, 44, 47 (all cohort studies) involving 641 997 participants were included. There were four studies conducted in Europe and one each in Asia, North America and Oceania. For class II obesity, seven articles 24, 36, 38, 40, 43, 44, 47 (all cohort studies) were included, involving 1 077 925 participants. There were four studies conducted in Europe and one each in Asia, North America and Oceania. For class III obesity, nine articles 24, 34, 36, [38] [39] [40] 43, 44, 47 (all cohort studies) were included, involving 1 097 056 participants. There were four studies conducted in Europe, two in Asia, two in North America and one in Oceania. Quality assessment showed that the Newcastle-Ottawa score of each study was not less than 7, indicating that the methodological quality was generally good (Table S1 ). The baseline characteristics of the studies are shown in Table S2 .
Quantitative synthesis
For obese versus nonobese women, the pooled RR of shoulder dystocia was 1.63 (95% CI: 1.33-1.99; I 2 = 82.2%, P heterogeneity < 0.05; Figure 2 ). In the subgroup analysis by study design, the pooled RR for cohort studies was 1.57 (95% CI: 1.28-1.93; I 2 = 82.4%, P heterogeneity < 0.05; Figure S1 ). Regarding the subgroup of continents, the pooled RRs for obesity versus nonobesity were 1.51 (95% CI: 1.18-1.92; I 2 = 87.9%, P heterogeneity < 0.05) in Europe and 2.59 (95% CI: 1.15-5.83; I 2 = 55.9%, P heterogeneity = 0.059) in Asia ( Figure S2 ). In the subgroup analysis of whether or not there was adjustment for confounding factors, the results showed that there were statistically significant associations between maternal prepregnancy obesity and the risk of shoulder dystocia for studies adjusted for confounding factors (RR = 1.76, 95% CI: 1.12-2.77; I 2 = 50.4%, P heterogeneity = 0.073) or not adjusted for confounding factors (RR = 1.59, 95% CI: 1.26-2.02; I 2 = 87.3%, P heterogeneity < 0.05), respectively ( Figure S3 ).
For class I obesity versus nonobesity, the pooled RR of shoulder dystocia was 1.29 (95% CI: 1.06-1.57; I 2 = 68.1%, P heterogeneity = 0.005; Figure S4 ). Regarding the subgroup of continents, the pooled RR for class I obesity versus nonobesity was 1.14 (95% CI: 1.07-1.22; I 2 = 0.0%, P heterogeneity = 0.523) in Europe (Table S3) .
For class II obesity versus nonobesity, the pooled RR of shoulder dystocia was 1.94 (95% CI: 1.26-2.98; I 2 = 82.2%, P heterogeneity < 0.05; Figure S5 ). Regarding the subgroup of continents, the pooled RR for class II obesity versus nonobesity was 1.71 (95% CI: 0.97-2.99; I 2 = 89.7%, P heterogeneity < 0.05) in Europe (Table S3) .
For class III obesity versus nonobesity, the pooled RR of shoulder dystocia was 2.47 (95% CI: 1.56-3.93; I 2 = 73.4%, P heterogeneity < 0.05; Figure S6 ). Regarding the subgroup of continents, the pooled RR for class III obesity versus nonobesity was 2.16 (95% CI: 1.11-4.22; I 2 = 82.5%, P heterogeneity = 0.001) in Europe (Table S3) .
The pooled RRs of shoulder dystocia for obesity and classes I, II and III obesity versus nonobesity for all data and subgroup analyses are showed in Table S3 .
Cumulative meta-analysis
Cumulative meta-analysis was conducted to explore the dynamic trend of results and assess the influence of individual studies on the results as a whole. The findings showed that the association between maternal prepregnancy obesity and the risk of shoulder dystocia tended to be significant with the accumulation of studies in order of publication year. Moreover, from the beginning of 2006, with new studies being added to the analysis, the results tended to be stable ( Figure S7 ).
Sources of heterogeneity and sensitivity analysis
To explore the sources of heterogeneity, meta-regression with the covariates of publication year, continent, study design, sample size, assessment of BMI and status of adjustment for gestational diabetes was performed. The results showed that only sample size contributed to heterogeneity in the analysis of class I obesity and the risk of shoulder dystocia (P heterogeneity = 0.015); there were no significant findings in other analyses (Table S4 ). In addition, for the purpose of further investigating potential sources of heterogeneity in the analysis of obesity and the risk of shoulder dystocia, we performed leave-one-out sensitivity analysis. After excluding four studies, 22, 37, 43, 46 it was found that heterogeneity was reduced to 37.89% (P heterogeneity = 0.089) and the result was still significant (RR = 1.27, 95% CI: 1.10-1.47). In the sensitivity analysis of whether studies adjusted for gestational diabetes, a significant result was found for studies that adjusted for gestational diabetes (RR = 1.61, 95% CI: 1.05-2.47; I 2 = 46.6%, P heterogeneity = 0.112).
Small-study effect
The funnel plot and Egger's test showed no evidence of a significant small-study effect in the analyses between shoulder dystocia and obesity (P = 0.110; Figure 3 ), class I obesity (P = 0.356; Figure S8 ) and class II obesity (P = 0.223; Figure S9 ). The small-study effect was observed for class III obesity and the risk of shoulder dystocia (P = 0.003; Figure S10 ); however, when using the trim-and-fill method no significant funnel plot asymmetry was found, suggesting that there was no small-study effect ( Figure S11 ).
Discussion
Main findings
This meta-analysis assessed the association between maternal prepregnancy obesity (including classes I, II and III obesity) and the risk of shoulder dystocia. The findings showed that maternal prepregnancy obesity may be linked to an increased risk of shoulder dystocia. Furthermore, there was a significantly graded relationship between obesity classes and shoulder dystocia. In subgroup analysis, significant associations were observed in cohort studies as well as in case-control studies. It was also found that prepregnancy maternal obesity was significantly related to the increasing risk of shoulder dystocia among studies conducted in Europe and Asia but not in North America and Oceania, which may be because an insufficient number of studies were included. In addition, the results were still significant whether or not there was adjustment for confounding factors.
In our meta-analysis, moderate to high heterogeneity was found. In order to explore the sources of betweenstudy heterogeneity, meta-regression with covariates of publication year, continent, study design, sample size, assessment of BMI and adjustment of status for gestational diabetes was carried out. However, except for sample size, which contributed to between-study heterogeneity Figure 2 . Forest plot of relative risks (RRs) with corresponding 95% CIs of studies on maternal prepregnancy obesity and shoulder dystocia. Size of grey box is proportional to weight assigned to each study, and horizontal lines represent 95% CIs.
(P = 0.015) in the analysis of class III obesity and the risk of shoulder dystocia, the other covariates were not found to contribute to between-study heterogeneity in other analyses. After subgroup analysis of sample size, the heterogeneity of the large-sample-size group (more than 20 000 women) reduced. In addition, to further investigate the potential sources of between-study heterogeneity in the analysis of obesity and the risk of shoulder dystocia, leaveone-out sensitivity analysis was performed. After excluding four studies, 22, 37, 43, 46 the heterogeneity was reduced to 37.89% (P heterogeneity = 0.089) and the result remained significant. Taking into account that heterogeneity still existed, we speculate that the factors leading to heterogeneity may be: (1) the characteristics of the excluded population were different in the included studies; (2) the potential confounders adjusted for in studies were diverse; (3) there were three studies 35, 42, 45 that included only women with glucose-tolerance or gestational diabetes or insulin-resistant pregnancy, which were different from the other studies.
Strengths and limitations of the study
The strengths of the study are: first, this meta-analysis assesses the associations between maternal prepregnancy obesity (including classes I, II and III obesity) and the risk of shoulder dystocia, and we found that there appears to be a significant relationship between maternal obesity and the risk of shoulder dystocia in the neonate; second, a large number of participants were included, allowing a much greater possibility of drawing reasonable conclusions; third, the majority of included studies were cohort studies, which can provide stronger evidence than other observational studies, so our results are reliable; fourth, results from the assessment of study quality indicated that the methodological quality was generally good. However, our study also has some limitations. First, although the results showed that there is a significant relationship between obesity and the risk of shoulder dystocia in the subgroup analysis of whether confounding factors were adjusted for, half of the included studies did not adjust for the confounders, and even with adjustment the confounders that were adjusted for were different; second, most studies were based upon medical/hospital chart data that contained self-reported weight and height information or data measured/recorded by midwives, so the introduction of mistakes in the BMI scores was unavoidable; this may lead to misclassification of obesity classes and have some impact on the outcomes we examined; third, we excluded non-English studies, which may result in some data being lost; fourth, the small-study effect was found in the analysis of class III obesity and the risk of shoulder dystocia; fifth, we did not conduct a sensitivity analysis for whether studies adjusted for gestational diabetes in each class of maternal prepregnancy obesity; this was owing to the small size of studies that adjusted for gestational diabetes in obesity classes. The smallest sample size of the six studies was 435 cases.
Interpretation
Our findings indicate that maternal obesity before pregnancy could increase the risk of shoulder dystocia in the neonate, and the higher the obesity class the higher the risk of shoulder dystocia. There are two previous meta-analyses in this area: one carried out by Lutsiv et al. 48 found that women who had morbid obesity (class III obesity) before pregnancy were more likely than nonobese women to deliver a baby with shoulder dystocia (RR: 4.89, 95% CI: 3.34-7.17). Another one, conducted by Heslehurst et al. 49 , found that there was no significant relationship between maternal obesity and the risk of shoulder dystocia (RR: 1.04, 95% CI: 0.97-1.12).
Compared with these two meta-analyses, ours included more studies with a large sample size (>2.1 million women). Additionally, we not only evaluated the effect of obesity (including all obesity classes) on the risk of shoulder dystocia, but also separately assessed the effect of classes I, II and III obesity. The results showed that classes I, II and III could increase the risk of shoulder dystocia. In this regard, our study provides more powerful evidence of the association between maternal obesity and the risk of shoulder dystocia in the neonate; therefore, the results deserve to be trusted.
Conclusions
Results from this meta-analysis suggest that: (1) maternal prepregnancy obesity is associated with an increased risk of shoulder dystocia, and (2) the risk of shoulder dystocia increases with increasing class of obesity. Further studies are needed to explore whether controlling maternal weight at a healthy level could decrease the risk of shoulder dystocia in the newborn.
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